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Abstract
The aim of the present work was to investigate and compare the content of phenolic compounds in four taxa of Erigeron acris L.
s. l.: E. acris (EAA),E. acris subsp. droebachiensis (O.F.Müll.) Arcang. (EAD), E. acris subsp. serotinus (Weihe) Greuter (EAS)
and E. ×huelsenii Vatke (EH), a hybrid between E. acris and E. canadensis L. The total flavonoid content was determined by
Christ-Müller method and the total phenolic acid content was determined by the method utilizing Arnov’s reagent. The method
using ultra high performance liquid chromatography with photodiode array detection (UHPLC-PDA) was applied for the
separation, identification and quantification of nine phenolic compounds (protocatechuic acid, chlorogenic acid, caffeic acid,
6′-O-caffeoylerigeroside, scutellarein-7-O-β-D-glucuronide, quercetin 3-O-glucoside, 4,5-dicaffeoylquinic acid, quercetin and
luteolin) in the aerial parts of E. acris s. l. The chromatographic separation was carried out using a BEH C18 column packed with
1.7-μm particles and gradient elution with a mobile phase of water and methanol, both containing 0.02% (v/v) trifluoroacetic
acid. The four investigated taxa of E. acris s. l. differed in the composition and the content of phenolic compounds. The main
substances determined in the methanolic herbal extracts were: scutellarein-7-O-β-D-glucuronide (EAA, EAS, EAD and EH), 6′-
O-caffeoylerigeroside (EAA, EAD and EH) and chlorogenic acid (EAS and EH). Moreover, the results indicated that five of the
nine tested compounds were found in all investigated extracts from herbs of E. acris s. l. Two of them (6′-O-caffeoylerigeroside
and scutellarein-7-O-β-D-glucuronide) could be selected as potential chemotaxonomic markers of the genus Erigeron L.
Keywords Asteraceae . Chemotaxonomy . Erigeron acris s. l. . Phenolic compounds . Ultra high performance liquid
chromatography
Introduction
The genus Erigeron L. (Asteraceae) comprises about 400 spe-
cies and is closely related to genera Aphanostephus DC.,
Apopyros G. L., Conyza Less., Hysterionica Willd., and
Neja D. Don. It is distributed mainly in temperate regions of
North and South America and Eurasia (Noyes 2000; Nesom
2008). Erigeron acris L., commonly known as blue fleabane,
belongs to Erigeron sect. Trimorpha (Cass.) DC. which is
characterized by the presence of three types of flowers in each
capitulum, namely female ligulate ray flowers, female
eligulate ray flowers and bisexual disc flowers (Šída 1998).
E. acris s. l. is represented by annual, biennial and perennial
plants and includes numerous subspecies in Europe and Asia
(Halliday 1976; Greuter 2003; Pliszko 2015, 2016, 2018;
Olander and Tyler 2017). The morphological variation of
E. acris s. l. includes the size, the number and arrangement
of capitula, the size and number of cauline leaves, as well as
the indumentum of stem, leaves and involucral bracts (Šída
1998, 2000; Pliszko 2015, 2016, 2018; Pliszko and
Kostrakiewicz-Gierałt 2018). Moreover, it is suggested that
representatives of E. acris s. l. can easily hybridize with each
other or other closely related species such as E. canadensis L.
and E. floribundus (Kunth) Sch. Bip. (Šída 2000; Pliszko
2015; Mundell 2016; Pliszko and Jaźwa 2017). Apart from
the fact that the morphological variation within E. acris s. l.
* Edyta Nalewajko-Sieliwoniuk
nedyta@uwb.edu.pl
1 Department of Analytical Chemistry, Institute of Chemistry,
University of Białystok, K. Ciołkowskiego 1K,
15-245 Białystok, Poland
2 Department of Taxonomy, Phytogeography and Palaeobotany,
Institute of Botany, Faculty of Biology, Jagiellonian University,
Gronostajowa 3, 30-387 Kraków, Poland
3 Department of Pharmacognosy, Medical University of Białystok,
Mickiewicza 2a, 15-222 Białystok, Poland
https://doi.org/10.2478/s11756-019-00332-w
Biologia (2019) 74:1569–1577
/Published online: 5 August 2019
has been well documented (Pliszko 2015, 2016, 2018;
Olander and Tyler 2017; Pliszko and Kostrakiewicz-Gierałt
2018), in terms of chemotaxonomy, it is completely neglected.
Considering the taxa included in E. acris s. l., the exami-
nations on chemical composition have been made only for
E. acris subsp. acris (EAA) so far. The most important groups
of chemical compounds recognized in this taxon are flavo-
noids, phenolic acid derivatives and polyacetylenic com-
pounds (in essential oil) (Nazaruk 2006; Nazaruk et al.
2006; Nalewajko-Sieliwoniuk et al. 2008; Malejko et al.
2016, Nazaruk and Kalemba 2009). Phenolic compounds
dominate in the aerial parts of E. acris subsp. acris but in
the roots, they occur in small amounts. So far apigenin,
luteolin, kaempferol, quercetin, luteolin 7-O-glucoside, quer-
cetin 7-O-glucoside, scutellarein-7-O-β-D-glucuronide,
erigeroside, 6’-O-caffeoylerigeroside, protocatechuic acid,
caffeic acid, chlorogenic acid and 4,5-dicaffeoylquinic acid
have been isolated from E. acris subsp. acris. Recognizing
the chemical composition of taxa included in E. acris s. l.
may allow their better use for phytotherapeutic purposes.
In Poland, E. acris s. l. is represented by five taxa, namely
E. acris subsp. acris, E. acris subsp. angulosus (Gaudin)
Vacc., E. acris subsp. droebachiensis (O.F. Müll.) Arcang.
(EAD), E. acris subsp. podolicus (Besser) Nyman, and
E. acris subsp. serotinus (Weihe) Greuter (EAS) (Pliszko
2015, 2018; Nobis et al. 2019). Moreover, there is E.
×huelsenii Vatke (EH), a hybrid between the native E. acris
subsp. acris and the invasive E. canadensis (Pliszko and
Jaźwa 2017; Pliszko and Kostrakiewicz-Gierałt 2018). The
above-mentioned taxa occur usually on dry mineral soils, in
grasslands, on abandoned fields, in sand and limestone
quarries as well as on roadsides and railway embankments
(Pliszko 2015, 2018; Pliszko and Jaźwa 2017; Pliszko and
Kostrakiewicz-Gierałt 2018; Nobis et al. 2019). E. acris
subsp. angulosus is known from only one locality in north-
eastern Poland, E. acris subsp. podolicus is known only from
one locality in southern Poland, whereas the other taxa are
also rare in the country, except E. acris subsp. acris and
E. acris subsp. serotinus (Pliszko 2015, 2018; Pliszko and
Jaźwa 2017; Nobis et al. 2019).
The aim of this study was qualitative and quantitative anal-
ysis of phenolic compounds in the aerial parts of E. acris
subsp. acris, E. acris subsp. droebachiensis, E. acris subsp.
serotinus and E. ×huelsenii. An ultra high performance liquid
chromatography with photodiode array detection method
(UHPLC-PDA) was used for the identification and determi-
nation of individual phenols in methanolic extracts from
Erigeron acris s. l. The chromatograms of the above-
mentioned taxa were compared and the potential marker com-
pounds were suggested. Additionally, the total flavonoid and
phenolic acid contents were determined by spectrophotomet-
ric methods. As far as we know, it is the first time when
phenolic profiles and the content of plant phenols in extracts
from E. acris subsp. droebachiensis, E. acris subsp. serotinus
and E. ×huelsenii have been investigated.
Materials and methods
Reagents and solutions
All chemicals were of analytical grade and solutions were
prepared by using water purified in a Milli-Q Plus water pu-
rification system (Millipore S.A., Molsheim, France).
Protocatechuic acid, chlorogenic acid, caffeic acid and quer-
cetin were purchased from Sigma-Aldrich (Steinheim,
Germany). 4,5-dicaffeoylquinic acid was obtained from
MedChemExpres s (So l l en tuna , Sweden) . 6 ′ -O -
caffeoylerigeroside, quercetin 3-O-glucoside, scutellarein-7-
O-β-D-glucuronide and luteolin were isolated from E. acris
(Nazaruk 2006; Nalewajko-Sieliwoniuk et al. 2008) in the
laboratory of Department of Pharmacognosy, Medical
University of Bialystok, Poland. The stock solutions of inves-
tigated phenolic compounds (1000 μgmL−1) were prepared in
methanol (HPLC gradient grade, Sigma-Aldrich, Steinheim,
Germany) and kept in the dark at +4 °C. The working solu-
tions of analytes were prepared daily by an appropriate dilu-
tion of the stock solutions with a mixture of water:methanol
(77:23, v:v). Hexamethylenetetramine, hyperoside and
trifluoroacetic acid (HPLC grade) were supplied by Sigma-
Aldrich (Steinheim, Germany). Sodium molybdate, sodium
nitrate, acetone, ethyl acetate, hydrochloric acid, sodium hy-
droxide, sodium citrate, aluminum chloride and acetic acid
were purchased from POCH (Gliwice, Poland).
Plant material
In this study we used the flower heads, leaves and herb (the
above-ground morphological parts of the plant) of EAA and
EAS, as well as the herb of EAD and EH collected by Artur
Pliszko in Poland. EAA and EH were sampled from an aban-
doned sand and gravel pit located near the town of Suwałki,
on 29 May 2014 and 7 August 2014, respectively (GPS coor-
dinates: 54°04′11.64″N/22°58′5.88″E; altitude: 159 m), EAD
was sampled from a sandy grassland in the city of Toruń, on
18 July 2013 (GPS coordinates: 53°01′21.24″N/18°33′27.6″
E; altitude: 47 m), whereas EAS was sampled from an aban-
doned limestone quarry in the city of Kraków, on 24 July 2013
(GPS coordinates: 50°05′22.02″N/19°50′34.68″E; altitude:
239 m). The plants were grown in sun-exposed places under
temperate climate conditions. In Suwałki, Toruń, and Kraków
the average annual air temperature is 6.4 °C, 7.9 °C, and
8.2 °C, respectively, and average annual precipitation is
602 mm, 526 mm, and 678 mm, respectively (https://pl.
climate-data.org). In case of rare taxa (EAD and EH) 30
individuals were sampled, whereas in case of frequent taxa
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(EAA and EAS) 50 individuals were sampled. All the aerial
parts of the plants were collected at the stage of flowering and
kept in a dark at room temperature for 7 days to dry. The
voucher specimens were deposited at the Herbarium of the
Institute of Botany of the Jagiellonian University in Kraków
(KRA0497018–21). The taxa were identified by Artur Pliszko
based on morphological features provided by Šída (2000).
The total flavonoid content
The total content of flavonoids was determined using the alu-
minium chloride colorimetric method described in Polish
Pharmacopoeia XI, the monography of Solidaginis herba
(2017). Dried and powdered herb, flower heads or leaves
(0.2 g) were transferred to a round-bottom flask of 100 mL.
After that hexamethylenetetramine (1 mL, 0.5%), acetone
(20 mL) and HCl (2 mL, 25%) were added to the flask. The
mixture was heated up in water bath, under reflux (30 min).
Then the extract was filtered to a volumetric flask of 100 mL
through a small wad of cotton. The residue of herbal extract
and the cotton were resubmitted to reflux and re-extracted
twice with acetone (20 mL) for 10 min. After cooling and
filtration, the extract was made up to 100 mL with acetone.
This solution (20 mL) was mixed with water (20 mL) and then
extracted four times with ethyl acetate (first with 15 mL and
then three times with 10 mL). Ethyl acetate extracts were
rinsed twice with water, filtered and made up to 50 mL with
ethyl acetate. 10 mL of the ethyl acetate extracts was mixed
with 1 mL of an aluminium chloride reagent (2%) and diluted
with a 5% (v:v) solution of glacial acid in methanol to 25 mL.
The absorbance was measured at 425 nm after 30 min of
incubation. This procedure was repeated six times for each
part of the plant.
The total flavonoid content was calculated according to the
following formula:
%ð Þ ¼ A 1:25=m;
the results were calculated as hyperoside, where A is the ab-
sorbance of the examined solution at 425 nm;m is the mass of
the dry plant material in grams.
The total phenolic acid content
Dried and powdered herb, flower heads and leaves (1 g) were
extracted twice with water (25mL, 30min for each extraction)
at room temperature. After filtration, the extracts were trans-
ferred into a volumetric flask and made up to 50 mL with
water.
The total phenolic acid content was determined by a spec-
trophotometric method utilizing Arnov’s reagent described in
Polish Pharmacopoeia VI, the monography of Taraxaci herba
(2002). 1 mL of the extracts was mixed with 5 mL of water,
1 mL of hydrochloric acid (18 g/L), 1 mL of Arnov’s reagent
(10 g of sodium molybdate and 10 g of sodium nitrate dis-
solved in 100mL ofmethanol) and 1mL of sodium hydroxide
solution (40 g/L) and made up to 10 mL with water. This
procedure was repeated four times for each extract. The total
phenolic acid content was calculated as caffeic acid percent
using the following expression:
%ð Þ ¼ A 1:7544=m;
where A is the absorbance of the examined solution at 490 nm;
m is the mass of the dry plant material in grams.
UHPLC-PDA analysis
Dried and powdered herb, flower heads and leaves (5 g) were
extracted under reflux (1 h), the first time with 200 mL and the
second timewith 100mL ofmethanol. Then, the extracts were
combined in a rotary evaporator Buchi R-215 Rotavapor
System (Büchi, Switzerland) at 40 °C under reduced pressure
until dryness. The obtained yields of extraction of the aerial
parts of EAA, EAD, EAS and EH calculated as percentage
weight of the starting plant material (% w/w) were: EAA
flower heads – 12.6%, EAA leaves – 28.4%, EAA herb –
22.2%, EAS flower heads – 22.6%, EAS leaves – 34.8%,
EAS herb – 31.6%, EAD herb – 28.4% and EH herb –
25.6%. After evaporation of solvent, the residues from herbs
extract (0.01 g), leaves extract (0.01 g) and inflorescences
extract (0.02 g) were re-dissolved in methanol (5 mL).
Before UHPLC analysis, the extracts were diluted with water,
in order to adjust the concentration of analytes to the linear
calibration range, and filtered through a GHP syringe filter
(0.2 μm) (Waters Corp., USA). This procedure was repeated
five times for each extract.
The qualitative and quantitative analysis of phenolic com-
pounds were performed by ultra high performance liquid
chromatography with photodiode array detection method
(Malejko et al. 2016). An ultra performance liquid chromato-
graph ACQUITY UPLC® H-Class with a photodiode array
(PDA) eλ detector (Waters Corp., USA) was used throughout
the study. The chromatographic separation was performed on
Acquity UPLC BEH C18 column (130 Å, 1.7 μm, 2.1 mm×
50 mm) equipped with Acquity UPLC Column In-line Filter
(0.2 μm, 2.1 mm) (Waters Corp., USA). The mobile phase
was composed of solvent A: 0.02% (v/v) trifluoroacetic acid
in water and solvent B: 0.02% (v/v) trifluoroacetic acid in
methanol. The following linear gradient profile was used:
0 min, 23% B; 8 min, 31% B; 12 min, 90% B; 13 min, 23%
B. The injection volume was 2 μL and the flow rate of the
mobile phase was 0.4 mL/min. The column temperature was
25 °C. The wavelengths used for the analysis of phenols by
the UHPLC-PDA method were: 290 nm for protocatechuic
acid, 330 nm for caffeic acid, chlorogenic acid, 6′-O-
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caffeoylerigeroside, 4,5-dicaffeoylquinic acid and
scutellarein-7-O-β-D-glucuronide, 350 nm for luteolin and
quercetin 3-O-glucoside, 370 nm for quercetin. The calibra-
tion graphs were linear in the range: 0.1–5 μg mL−1
(protocatechuic acid), 0.1–10 μg mL−1 (caffeic acid, querce-
tin), 0.1–20 μg mL−1 (chlorogenic acid, luteolin), 0.2–
230 μg mL−1 (4,5-dicaffeoylquinic acid), 0.5–50 μg mL−1
(quercetin 3-O-glucoside, scutellarein-7-O-β-D-glucuronide,
6′-O-caffeoylerigeroside).
Waters Empower 3 software was used for the collection of
chromatographic data, integration of chromatograms and
evaluation of peak purity.
Statistical analysis
The software Microsoft Office Excel 2010 (Microsoft Corp,
USA) was used for preparing the data analysis. The results
were expressed as mean ± standard deviation (SD). Outliers
were eliminated from the dataset using the Q-test.
Results and discussion
The total contents of flavonoids and phenolic acids in the
extracts from the aerial parts of EAA, EAD, EAS and EHwere
determined according to the procedures described in “The
total flavonoid content” and “The total phenolic acid content”
sections. The average values of determinations are shown in
Table 1. In the case of EAA and EAS for which it was possible
to collect a larger amount of raw material, the total contents of
flavonoids and phenolic acids apart from the herbs were also
determined in the extracts of flower heads and leaves of these
plants. As it can be seen, the most abundant sources of phe-
nolic acids were the leaves of EAA and EAS, while the
highest concentration of flavonoids was observed in the flow-
er heads of EAS. Regarding the content of phenolic acids and
flavonoids in EAA and EAS, it could be concluded that higher
concentrations of phenolic acids were observed in the leaves
than in the flower heads, whereas in the case of flavonoids, the
flower heads contained higher concentrations of these com-
pounds comparing to the leaves. Moreover, the herbs of all of
the investigated taxa contained comparable amounts of phe-
nolic acids (0.91–1.09%) and flavonoids (0.51–0.65%).
The UHPLC-PDA method was applied for the qualitative
and quantitative analysis of phenolic compounds in methano-
lic extracts from E. acris s. l. Nine compounds that had been
identified and determined in our previous paper (Malejko et al.
2016) were also investigated in this study. The extracts were
prepared according to the procedure described in “UHPLC-
PDA analysis” section. The chromatographic profiles of
E. acris s. l. extracts obtained by the UHPLC-PDA method
are presented in Fig. 1a-d and Fig. 2a-d. The spectral charac-
teristic of phenols and their retention times are presented in
Table 2. The chromatographic peaks were identified by com-
paring UV spectra and the retention times with those of pure
standard solutions of phenols. Furthermore, the identification
was also conducted by the addition of the corresponding stan-
dard phenolic solution to the sample which resulted in the
increase in the surface area of a particular chromatographic
peak. The average values of determinations of phenolic com-
pounds in the aerial parts of EAA, EAD, EAS and EH per-
formed by the UHPLC-PDAmethod are presented in Table 3.
As it can be seen, only methanolic extracts from the herb of
EAA contained all examined phenolic compounds. The meth-
anolic extracts from herbs of other investigated taxa were
qualitatively poorer. The main substances determined in the
tested herbal extracts were: scutellarein-7-O-β-D-glucuronide
(EAA, EAS, EAD and EH), 6′-O-caffeoylerigeroside (EAA,
EAD and EH) and chlorogenic acid (EAS and EH). The con-
tent of 6′-O-caffeoylerigeroside in the examined extracts from
herbs was between 1.07 ± 0.04 mg g−1 and 12.4 ± 0.1 mg g−1
of dry weight of plant, the content of scutellarein-7-O-β-D-
glucuronide fluctuated between 5.52 ± 0.04 mg g−1 and 9.16
± 0.3 mg g−1 of dry weight of plant, while the content of
chlorogenic acid was in the range from 2.11 ± 0.01 mg g−1
to 6.71 ± 0.04 mg g−1 of dry weight of plant. Five of the nine
tested compounds (chlorogenic acid, caffeic acid, 6′-O-
caffeoylerigeroside, scutellarein-7-O-β-D-glucuronide and
4,5-dicaffeoylquinic acid) were found in all investigated ex-
tracts from herbs of E. acris s. l. Caffeic acid, chlorogenic acid
and 4,5-dicaffeoylquinic acid are wildly distributed in plants
and therefore are inapplicable in chemotaxonomy (Böhm and
Stuessy 2001; Chen et al. 2014). But 6′-O-caffeoylerigeroside
and scutellarein-7-O-β-D-glucuronide are rather rare and they
could play a role of a chemotaxonomic markers of the genus
Erigeron (Zahoor et al. 2012 and references therein). 6′-O-
caffeoylerigeroside for the first time was isolated from
E. multiradiatus (Lindl. ex DC.) Benth. ex C.B. Clarke
(Zhang et al. 1998). Another derivative of erigeroside with
caffeoyl moiety connected at C-3 position of glucopyranose
Table 1 Quantitative analysis of the total flavonoid and phenolic acid
content in the aerial parts of EAA, EAD, EAS and EH
The source Total phenolic acid content
Mean ± SD [%] (n = 4)
Total flavonoid content
Mean ± SD [%] (n = 6)
EAA flower heads 0.52 ± 0.05 0.66 ± 0.12
EAA leaves 1.34 ± 0.09 0.40 ± 0.04
EAS flower heads 0.86 ± 0.07 1.21 ± 0.19
EAS leaves 1.29 ± 0.13 0.73 ± 0.01
EAA herb 0.92 ± 0.04 0.62 ± 0.02
EAS herb 1.09 ± 0.03 0.59 ± 0.02
EAD herb 0.91 ± 0.03 0.51 ± 0.09
EH herb 1.06 ± 0.04 0.65 ± 0.04
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was isolated from the leaves of E. annuus (L.) Desf.
(Hashidoko 1995). Pyromeconic acid derivatives seem to be
significant in the genus Erigeron and they are rather rare in
other genera; for instance, erigeroside was detected in
Campylanthus glaber Benth. and C. salsoloides (L.f.) Roth
from the family Plantaginaceae (Rønsted and Jensen 2002).
Interestingly, after damaging the plant tissue, erigeroside hy-
drolyzed to the pyromeconic acid which demonstrated anti-
fungal activity against plant pathogens (Hashidoko 1995).
Scutellarein-7-O-β-D-glucuronide is the next important com-
pound in the genus Erigeron. This compound was determined
in a few species (e.g., E. acris and E. breviscapus (Vaniot)
Hand.-Mazz.) (Hu et al. 2005; Zahoor et al. 2012) and can
influence on the activity of these plants because it possesses
broad spectrum of biological activities (Chledzik et al. 2018,
Wang and Ma 2018). Scutellarein-7-O-β-D-glucuronide
could be useful in curing cardiovascular diseases. Moreover,
it could be an important antineurodegenerative, anti-
Helicobacter or anticancer drug, and is typed as one of the
leading compounds in designing new multi-targeted therapeu-
tic agents. Other phenolic compounds present in the studied
plants are also very important secondary metabolites and have
a wide variety of biological activities. The review of literature
shows that 4,5-dicaffeoylquinic acid possesses potent hepato-
protective and anti-HBVeffects (Hu et al. 2012). Moreover, it
exhibits significant antitussive, expectorant and anti-
inflammatory activity (Wu et al. 2016). Chlorogenic acid pos-
sesses such properties as antioxidant (Kweon et al. 2001),
antispasmodic (Farah et al. 2005), reduction of blood pressure,
total cholesterol and LDL cholesterol (Wan et al. 2013), inhi-
bition of the HIV-1 integrase (Kwon et al. 2000) and mutage-
nicity of the carcinogenic compounds (Farah et al. 2005).
Caffeic acid has been reported to have the following biologi-
cal activities: antioxidant (Maurya and Devasagayam 2010),
antihypertensive (Hudson et al. 2000), antifibrosis (Park and
Kahng 1995), antithrombosis (Johnson et al. 2010), antiviral
a
b
c
EAA (herb) 
EAS (herb)
EAD (herb)
dEH (herb)
Fig. 1 Chromatograms of
methanolic extract from the herbs
of EAA a, EAS b, EAD c, and
EH d using UVabsorbance
detection at 330 nm. Peaks:
chlorogenic acid (1), caffeic acid
(2), 6′-O-caffeoylerigeroside (3),
scutellarein-7-O-β-D-
glucuronide (4), quercetin 3-O-
glucoside (5), 4,5-
dicaffeoylquinic acid (6),
quercetin (7) and luteolin (8). The
chromatographic conditions are
detailed in “UHPLC-PDA
analysis” section.
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(Fesen et al. 1994) and antitumor (Morton et al. 2000).
Protocatechuic acid possesses antioxidant, antihyperglycemic,
anti-inflammatory, antimicrobial and anticancer activities
(Semaming et al. 2015). Quercetin also possesses broad spec-
trum of biological properties including: anti-inflammatory,
thrombosis, hypertension, arrhythmia and atherosclerosis as
well as modulation of cancer-related multidrug resistance
(Dajas 2012). Luteolin have been reported to possess antiox-
idant, antitumor, anti-allergic, antimicrobial, anti-inflammato-
ry, reduced lipid accumulation and cardioprotective properties
a
b
c
EAA (leaves) 
EAS (leaves) 
d
EAA (inflorescences) 
EAA (inflorescences) 
Fig. 2 Chromatograms of
methanolic extract from the
leaves of EAA a and EAS b using
UVabsorbance detection at
290 nm; and from the
inflorescences of EAA c and EAS
d using UVabsorbance detection
at 330 nm. Peaks: chlorogenic
acid (1), caffeic acid (2), 6′-O-
caffeoylerigeroside (3),
scutellarein-7-O-β-D-
glucuronide (4), quercetin 3-O-
glucoside (5), 4,5-
dicaffeoylquinic acid (6),
quercetin (7) and luteolin (8). The
chromatographic conditions are
detailed in “UHPLC-PDA
analysis” section.
Table 2 Phenols present in the
extracts from E. acris s. l. No. Compound Retention time[min] UVabsorption maxima[nm]
1. Protocatechuic acid 0.7 259; 294
2. Chlorogenic acid 1.0 241; 326
3. Caffeic acid 1.3 323
4. 6′-O-caffeoylerigeroside 4.1 250; 327
5. Scutellarein-7-O-β-D-glucuronide 5.8 282; 334
6. Quercetin 3-O-glucoside 6.1 255; 354
7. 4,5-dicaffeoylquinic acid 9.8 244; 328
8. Quercetin 10.5 254; 371
9. Luteolin 10.8 254; 349
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(Mahalapbutr et al. 2019). There are also other flavonoids,
triterpenes, caffeoylic derivates, and steroids isolated from
Erigeron species and some of them (e.g., benzyl O-β-D-
glucopyranoside, 2-phenylethyl-β-D-glucopyranoside and
friedelin) seem to be common secondary metabolites in the
genus Erigeron and other genera of Asteraceae (Zahoor et al.
2012 and references therein).
In the case of EAA and EAS the UHPLC-PDAmethod was
also used to determine individual phenolic compounds in the
extracts of flower heads and leaves of these plants. Based on
the results presented in Table 3 it could be concluded that the
leaves contained qualitatively less components than the inflo-
rescences of EAA and EAS. Moreover, it was found that the
inflorescences as well as the leaves of EAA and EAS
contained the same phenolic compounds but in different quan-
tities. Themain components of methanolic extracts from flow-
er heads were: quercetin 3-O-glucoside (EAA, EAS), querce-
t i n (EAA, EAS) , l u t eo l i n (EAA, EAS) , 6 ′ -O -
caffeoylerigeroside (EAA) and chlorogenic acid (EAS). The
main constituents of methanolic extracts from leaves were:
scutellarein-7-O-β-D-glucuronide (EAA, EAS), chlorogenic
acid (EAA, EAS), 6′-O-caffeoylerigeroside (EAA) and 4,5-
dicaffeoylquinic acid (EAS). Treating more critically the ob-
tained results, it should be pointed out that the total content of
phenolics and flavonoids not only depends on genetic
differences between the taxa but also on growing conditions.
It was evidenced by Albert et al. (2009) that temperature af-
fects the phenolic composition in Arnica montana L.
Similarly, Sytar et al. (2018) revealed that the temperature
predominantly influences the accumulation of phenolic acids,
whereas the level of UV radiation plays a dominant role in the
accumulation of flavonoids in cultivars of Lactuca sativa var.
crispa L. Moreover, Król et al. (2014) evidenced that drought
stress causes reduction in total phenolic compounds in leaves
and roots ofVitis viniferaL. In this study, the taxa ofE. acris s.
l. were collected in different regions of Poland, in different
habitats and in different time, following their flowering pe-
riods. These plants grew on different soils and before the sam-
pling they were exposed to different weather. The above-
mentioned factors most likely influenced the content of phe-
nolics in flower heads, leaves and herb of EAA and EAS as
well as in herb of EAD and EH.
Conclusions
So far, very little has been done on the investigation of the
composition and profiling of the plant phenolics in E. acris s.
l. To the best of our knowledge, in this study the total phenolic
acids and flavonoids contents as well as profile of individual
phenolic compounds in the aerial parts of EAD, EAS and EH
have been determined for the first time. In the literature there is
only one paper on the quantitative analysis of methanolicTa
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extracts from leaves and inflorescences of EAA prepared by
ultrasound assisted extraction. Based on the obtained results, it
can be concluded that the four investigated taxa differ in the
composition and the content of phenolic compounds. However,
five of the nine tested compounds were found in all extracts
from herbs of E. acris s. l. Moreover, two of them (6′-O-
caffeoylerigeroside and scutellarein-7-O-β-D-glucuronide) that
are rare in plants are suggested as candidates for the chemotax-
onomic markers of the genus Erigeron. The presence of phe-
nolic antioxidants, such as protocatechuic acid, caffeic acid,
chlorogenic acid, 4,5-dicaffeoylquinic acid, 6 ′-O-
caffeoylerigeroside, scutellarein-7-O-β-D-glucuronide, querce-
tin 3-O-glucoside, quercetin and luteolin in the aerial parts of
the investigated taxa of E. acris s. l. causes that they could be
potentially employed as a natural source of biologically active
compounds in cosmetics, medicine and pharmaceutical
industry.
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